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EnexTpoHHi cucTeMu Ta CUTHAIU
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TecTyBaHHS KOHTpOJIEpPA 3HAXOAKECHHS TOYKHU
MaKCHUMaJIbHOI MOTYKHOCTI COHSIYHOI OaTapei
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HauioHaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu

"KuiBcbkuit mositexHiunuii inctutyT iMeHi Iropst Cikopebkoro" ROR 00syn5v21

KuiB, Ykpaina

Anomauyia—Po3rnsiaaeTbesi NPOEKTYBAHHS Ta M00YA0BAa KOHTPOJIepa 3HAXOMKeHHSI TOUKH MAKCHMAJILHOI MOTYKHOCTI
(TMII) consiunoi 6aTapei Ta iioro TecTyBaHHS 1JIsl Pi3HUX 3HAYeHb OCBiT/IeHOCTi. BUX0as1YH 3 MOKJIMBHMX CXeMOTeXHIYHHUX
pilieHb Ta iCHYIOUHX NPOrPaMHHUX AJITOPUTMIB po00oTH KOHTpoJiepa 3HaxomkeHHss TMII, 0ysa Budpana cxema two-switch
buck-boost nepeTBoproBaya Ta aaropuT™M «30ypeHHs Ta cnocTepe:keHHs». [Io0ynoBaHo ApyKoBaHy IIIATY CHCTeMH, pO3pa-
X0BaHOI HA NMOTY:KHICTh COHAYHOI O0aTapei 10 60 BT 3 nmiak/I04eHnM akymyJsiTOPOM Ta CHO:KUBaveM Hanpyroro a0 30 B.
Byno nepesipeHo npane3gaTHicTh CHCTEMH Ta NIPOEMYJILOBAHO Pi3Hi BapiaHTH po00TH CHCTeMH /I Pi3HHX YMOB OCBiTJIe-

HOCTI.

Knrouogi cnosa — cucmema cnioKy8anns 3a mouKkorw makcumymy nomydxicrnocmi; two-switch buck-boost converter; memoo

30YPEHHI MA CNOCMEPENHCEHHA.

I. BcTvin

BukopucTaHHS KOHTPOJEPIB 3HAXOKCHHS TOUYKU
MakcuManbHol notyskHocti (TMII) 3ymoBiene ocobmim-
BicTiO coHsaHMX Oatapeit (CB), o BUKOPHCTOBYIOTHCS
SIK JDKepeno coHsYHOl eHeprii [1]. B mesxux Bumamkax
Cb MoxHa 0e3mocepeHbO MiJKITI0YAaTH IO CII0KUBAYa,
onHaK Tpeba BpaXxOBYBAaTH HEOOXITHICTH 3a0€3ICUCHHS
MEeBHUX MapaMeTpiB HANpYrH CIOXKHMBAda, IO HEMOXK-
JIMBO Yepe3 HelliHiiHy KpuBy HaBaHTaxxeHHs Cb Ta 3aie-
JKHICTB BiJl piBHS OCBITJICHOCTI Ta TemmepaTrypu. Tomy
Mk Cb Ta cioxnBaueM BCTaHOBIIOIOTH NIEPETBOPIOBAY,
10 MO’K€ 3MiHIOBAaTH PiBEHb €JIEKTPUYHOI HANIPYTH Ta ii
¢dopmy[2]. OCHOBHUM METOZOM 30UIbIIICHHS €()EKTHBHO-
cTi nepeTBoproBaua € 3HaxoxenHs TMII, sika Moxe mo-
cTiiftHO 3MimyBatuch [3]. [lye BaXJIMBO MpHU BUKOPHC-
taHHi Cb 3abe3nmedyBaTH MOJIOKEHHS POoO0OUYOI TOUKH
B okoni TMII, mo 3Ha4HO 30iNbIIy€e BUXiTHY €(EKTHB-
nicte CB [4]. Inst 3HaXO/DKEHHS 1€l TOYKH 3aCTOCOBY-
I0ThCSl PI3HI AITOPUTMH, SKi BHKOPUCTOBYIOTH OKpeMi
napamerpu Cb, 30kpeMa MUTTEBI 3HaYEHHS CTPyMy Ta
Hanpyru Ha Buxoai Cb, ii Temmeparypy oo [5].

KouTponepu 3naxomxenHss TMII MoxyTb BUKOpHC-
TOBYBATHCS [UIS KHMBJICHHS HAa TOCTIMHIA 4K 3MIiHHIH
Hampy3i, B 3aJIEXKHOCTI Bix moTped cnoxmpaya. OCHOB-
HOIO YaCTHHOIO KOHTposiepiB 3HaxomkeHHs: TMII € DC-
DC neperBoproBad 3 BUKOPUCTAHHS MIUPOTHO-IMITYJIbC-
Hoi mMonymsauii (ILIM), mo nae MoxiuBicTh BinOuparn
MaKCHMalbHY MoTykHIcTh 3 CB, mo nepemaeTscst 1o cro-
kuBaua [2].

B mamiit ctaTTi po3risigaeTses modymoBa KOHTpoJepa
3HaxomkeHHs: TMII CBb, skuii Mae mpaioBatu B 3aja-
HOMY JIiama3oHi CTPyMy Ta Hanpyru. BpaxoByroun cTpy-
KTYpy CHCTEMH Ta HeoOXiJIHI mapamerpu poOoTH, st
fforo moOy10BM HEOOXiTHO OpaTH 0 yBaru pi3Hi CXeMo-
TEXHIYHI pINICHHS /s CHJIOBOi YACTHHHM, a TaKOX

METOJIMKH 3HAXOJ[KCHHS TOYKA MAKCUMAJIbHOI TOTY KHO-
CTi JJIs1 cXeMHu KepyBaHHs [5], [6].

OTpuMaBIIA TaKy CHCTEMY, HACTYIHHM IIOCTa€
3a/1a4ya mepeBipKy 3araJIbHOT Mpare34aTHOCTI y 3aJaHOMY
Jliara3oHi 3MiH CTPyMy Ta HalpyTH, a TaKOX CIIPOMOXK-
HICTh pearyBaTH Ha 3MiHU 3HaY€Hb CTPYMY 1 HApyTH Ta
30BHIIIHIX YMOB, IO Oe3MocepeqHbO BIUIMBAIOTH Ha
po6oty CBb.

Tomy, MeTol0 pobOTH € eKClIepUMEHTaIbHa epeBi-
pka poboTtu cuctemu 3HaxoxeHHss TMIT mpu 3MiHiI OCBi-
TIICHOCTI 1 CIIO’KHBaYA.

II. TIOPAJOK BUPIIIEHHA 3AJAYI

OCHOBHHM NPHHIUIIOM POOOTH CUCTEMH € Ieperayda
consranoi eneprii Bix Cb gepes DC-DC meperBoproBad
J0 criokuBaya. Taka CHCTEMa TaKOXX MICTHThH JaBadi
cTpyMy Ta Hanpyru Ha Buxoai Cb; Bumipm 3 naBadiB
MOTPAIUISIOTH 10 MIKPOKOHTPOJIEPA, 1€ PO3PaxOBY€EThCS
MUTTEBE 3HAYEHHS MOTYKHOCTI 1 B 3aJIS)KHOCTI BiJl IHOTO,
MPUHMAETHCS PIMICHHS MPO 3MiHY KEePYIOUHX CUTHAIIB,
110 IIPSMYIOTh Yepe3 Apaiisepu 1o Tpanzuctopis DC-DC
MIEpPEeTBOPIOBAYA.

Ha ocHoBi mpuBeneHoro omucy Oyia moOyaoBaHa
CTPYKTYpHa cxeMa, sika npencTtaBieHa Ha Puc. 1. Ha
300pakeHil CTPYKTYpHIH cXeMi IMpeACTaBICHI CKIaI0BI
YaCTHMHM KOHTposepa 3HaxomxkeHHs TMII, a Ttakox
mia’emxHaHi go koHTposnepa Cb, crmokuBad Ta akyMyJIsi-
TOp. AKyMYJIIATOp BiiOMpae eHepriio, ka He BUKOPHCTa-
Jacs CIIO’KMBayeM Ta BiJIa€ — IIPH HEJOCTaTHIX 3HAUCH-
usx eHeprii Ha Buxoni Cb. Takox Bijx akyMmyJsiTopa eHe-
prist nepenaeThes 10 OJIOKY JKHUBJICHHS, 10 MIPEACTABIIsE
co06oro noHmxkytounit DC-DC nepeTBoproBau Ta BUKOPH-
CTOBYETHCS JUIS )KUBJICHHS CHCTEMU KEPYBAaHHS: MIKpO-
KOHTpoOJiepa, apaiiBepa Ta iHAUKalii. [HIuKaIls y CBOO
gepry HeoOximHa s BimoOpakKeHHS  KOPHCHOL
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iH(hopMallii, ik HarpuKiIax 3Ha4eHHs Hanpyru Ha Cb Ta
iHIy iHdopManito, 1o Moxe OyTH KOPUCHOIO /IS Bia-
TO/KCHHS Ta HaJalITyBaHHA cucTeMd. Ha manomy etari
IHIMKALis TPEICTaBISITUME COO0I0 HEBEITUKHI JINUCTIIICH,
aje y MOJAaNbIIOMy MOKHA PO3IIMPIOBATH KUIBKICTH
IHAMKALiH pOOOTH /IS 3pYYHOCTI Ta THYYKOCTI KOPUCTY-
BaHHS CHCTEMOIO.

Jns peanizanii cunopoi yactuau (DC-DC meperso-
proBau) Oyma BuOpana cxema Two-Switch Buck-Boost
(muB. Puc. 2), mepeBaroro sSKOi € HAasBHICTh MOHUXKYIO-
qoro (uepe3 KepyBaHHS KitodeM S1) Ta IMiABHILYIOYOTO
(kepyBaHHS S2) pexuMy poOOTH, a TaKOX BIJICYTHICTH
iHBepcii Hampyru Ha BUXOI, SIK y CXEMi 3BHYalHOIO
buck—boost mepeTBOproBaua, Ta MCHIIAa HABAHTAKCHICTh
Ha TpaH3ucTopH 1 mioau, sk y cxemi SEPIC [7]. Takox
nepeBarol0 BUOpPaHOI CXEMH € PO3MIICHHS KIo4a Ha
BXOJ/li CXEMH, uYepe3 L0 y CXeMi MOXKHa BUMIpIOBATH
HAaIpyry XO0JIOCTOTO XOJYy, a OT’KE BUKOPUCTOBYBAaTH L0
Hanpyry i 3HaxomkerHs TMII, y Takwuii croci6 30116-
IIMBIITY MOKJIMBY KUTBKICTh MeToAiB mouryky TMIT.

Jlnist TecTyBaHHS CUCTEMH HEOOX1THO eMYJTIIOBATH CO-
HsuHy Oartapero. Bukopucranus peansaux Cb notpeOy-
I0Th CHELiaJIbHOTO OONaaHaHHA JUIS BUMIPIOBAHHS TEM-
MepaTypy Ta CHeliaIbHUX MOTOJHUX YMOB, SIKi 0 MOTIIH
3a0e3NeYuTH 3MiHy CaMe pO3TIHYTHX IapaMeTpiB,
4yepe3 W0 JUIsi TeCTYBaHHS BUKOPHUCTOBYETHCS JIiHiiHA
ampoKcuManis minsgHKA B okoui TMII BompT-ammepHOi
xapakrepuctukl (BAX) Cb npu pi3HUX 3HaYE€HHSX OCBi-
TIIEHOCTI.

B 3arampHOMY BHIIAIKY COHSYHY OaTapero mpescTaB-
JSIFOTh SIK 1/lealibHE JDKEpeJo CTPyMy 3 MapaieibHO
i1’ € THAHUMH JTI0JIOM Ta IITyHTOM, a TAKOK MOCTiJOBHUM
pesucropom (muB. Puc. 3) [8], [9].

Comustana Garapest DC-DC neperBoproBau Cnoxupad
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Puc. 2 Cxema two-switch buck-boost neperBoproBaua
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Puc. 3 ExBiBasieHTHa cxeMa COHSYHOI baTapei

3 mpuBEICHOT SKBIBAJICHTHOI CXEMHU MOYKHA BHBECTH
TaKe PiBHSHHS:

]=IL—ID—[SH, (1)
ne [ — BuximHmii ctpym Oarapei; /1 — poTosreHepoBaHuit
cTpyM; Ip — cTpyM aioay; Isy — CTpyM LIyHTA.

CtpyM miogy BU3HAYAETHCS HACTYITHOIO (OPMYIIOI0

[9]:
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ne lo — 3BOpOTHIiN CTpyM HacHU4eHHs nmiona; U — BUXigHA
Hampyra cCOHSYHOI Oartapei; Rs — omip MOCIiJOBHOTO
pe3ucTopy; 17 — Koe(imieHT ileanbHOCTI 1ioay (HopiBHIOE
npubmuzao 1,4); Vr — temnoBa Hanpyra (mpu 25 °C
V1r=0,0259 B).
A ctpyMm nryHTa JopiBHIoE [9]:
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[MincraBuBmm piBusHHA (2) 1 (3) y piBHsHHA (1),
MO’KHa BHBECTH:
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PiHsiHHS (4) MOXHa BUKOPHCTOBYBAaTH Ui 1MoOy-
JOBH aNPOKCHMOBAHUX HaBaHTAXXyBaJIbHUX KPUBHX.
VY HacTynHOMY pO3/iJli BU3HAYAIOTHCS 3HAUCHHS Iapame-
TpiB piBHSHHSA Ta OymyroThcsi BAX.

Jlns  BUpINICHHS TOCTaBJICHUX 3ala4 HEoOXiTHO
o0y IyBaTH EKCIIEPUMEHTAIbHY YCTaHOBKY Ta pPO3pO-
OUTH METOJ TIePEBIPKA POOOTH IPHU PiZHUX MOKIUBUX
napametpax poboru Cb.

III. EKCIIEPUMEHTAJIBHI JOCIILJXKEHH A

Buxopsuu 3 onmucaHux 3aBaaHb, 0yino po3poOiIeHo Ta
moOy0BaHO JPYKOBaHy IUIATY CHCTEMHU 3HAXODKEHHS
TMII (muB. Puc. 4), sixka roTOBa Ui IiJ €IHAHHS O
COHAYHOI OaTapei Ta croxwuBada. J[aHa MIaTa BUKOHAHA
3a JIOOMOTOI0 3’ €THAHHS JEKITbKOX MOJYJIB, 3aBISKU
YOMY MOYKHA 3aMIHITH Y JTOJJAaBATH OKPEMi CIIEMEHTH Ta
BiIJIATO/KYBATH CUCTEMY, IO 3pYYHO Ha €TaIli po3poOKu
Ta TECTYBaHHS.

OCHOBHI €JIeMEHTH, 1[0 BHKOPHCTOBYIOTBCS Yy CHC-
temi: Tpamsuctop MOSFET n-tumy - IRF7341;
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MikpokoHTposep — STM32F103C8; moHmxy4nid
DC-DC — LM2596; moaynb apaiiepa mnss MOSFET,
nobynoBanuii Ha 6a3i 1EDI20I12MF ta STM8S003F3P
3 TaIbBaHIYHOO PO3B’S3KOIO.

Enementn DC-DC neperBoproBada BHOWpaIUCS Bij-
MOBIZHO /10 poOOYMX 3HAUEHb HANPYTH 1 CTPYMY HA BijI-
MOBIJHUX €JIEMEHTax Ta YacTOTH iX poboTtu. [Tpu mpomy
po06oui 3HAYEHHS €JIEMEHTIB BiIPi3HAIOTHCS Y ITiABUIILY-
I0YOMY Ta MOHMKYIOUOMY PEXHMax, III0 TaKoX HeoOXi-
JTHO BPaxoBYBaTH IIpH BHOOpI eieMeHTiB. BuOpanwmii
MIKPOKOHTPOJIEP BiJPi3HSIETHCS HIBHAKICTIO, TOCTYIIHI-
CTIO Ta YHIBEpPCAIBHICTIO, IO JO3BOJISIE BUKOPHCTOBY-
BaTH HOTO JJIs IMepejadi CUTHaly A0 JIUCILICH0, Kepy-
BanHI0 DC-DC neperBoproBadeM Ta NpUIMaHHIO CUTHA-
JiB 3 yCiX JaBayiB, IpH IbOMY MIKPOKOHTpOJIEp Mae
BLJIbHI BUBOJM Ta iHTep(eiicy mepenadi JaHuX, M0 TaKOXK
IUIAHYIOThCSl BUKOPUCTOBYBATH JUIsl PO3LIMPEHHS (YyHK-
LIOHAJTy CUCTEMH MOZYJISIMH, 30KpeMa Uil AMCTAHIIIN-
HOTO 1HAMKAIil CTaHy CUCTEMH.

[To6GynoBana cucTeMa po3paxoBaHa Ha HAIIPYTy COHS-
gHOi 6artapei 1o 30 B Ta ctpymy mo 2 A.
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Puc. 5 Anroput™ po6oTH MiKpOKOHTpOJIEpa

Jlmst pobotn 3i0paHOi crcTeMH HEOOXiTHO 3aaaTh
aNTOPUTM POOOTH CUCTEMH KEPYBaHHS, 32 OCHOBY SIKOT'O
OyB B3ATHI METOJ «30ypeHHsS Ta CIOCTEpEeKEHH [5].
B 3arampHOMYy anroputM poOOTH MiKPOKOHTpOIIEpa
npencrasneHuit Ha Puc. 5, ne kepysanns DC-DC nepert-
BOpIOBaYeM BiZI0yBa€ThHCS 32 JTOIIOMOTOFO 3MIHHU KOCiIli-
enry 3amoBHeHHs (K3) IIIM kepyrowoi Hampyru, mo
MIOJIA€THCS HA 3aTBOP TPAH3UCTOPIB. MiHIManbHI Ta MaK-
cuMainbHi 3HaueHHs K3 101aTKOBO 00paxoBYIOTHCS ISt
3abe3neueHHs Oe3medHoi podotu cucteMu. Metox mae
nesiki Mmoaudikarii uepe3 HassBHICTh MOKIMBOCTI POOOTH
SK Yy TiIBUILYIOUYOMY TaK 1 IOHIDKYIOUOMY pEXKHMax
Bubpanoro DC-DC nepetBoproBaua.

Yepes ocobmmBocti crpykrypu DC-DC meperopro-
Baya CHUCTEMa KEePYEThCS ABOMA Koedilli€eHTaMM 3aIioB-
HEeHHS: ouH — st kitoua S1 (Puc. 2), axuit kepye moHH-
KYIOUUM PEKUMOM POOOTH, a IPH MiJBUILYIOYOMY 3aB-
*kmu nopisaroe 100%; mpyruit — ans xirroda S2, KU
Kepye MiJBHIIYIOUUM PEXHUMOM, Ta aopiBHioe 0% mnpu
MOHIDKYI049oMYy. J{i1s 3pydHOCTI, B 300pakeHOMY alIropu-
T™I 11l KoedinieHTH 00’ €THAaHI B OIHH, Yepe3 Te, M0 IPU
nocsirHenHi 100% xoeditieHTy 3anoBHEeHHs Kimoda S,
et koedimient 3ammmaeTtbes 100% i mounHaeThCs 30i-
JBbIIYBATHCh KoedilieHT Kitova S2, Ta HaBIaKH.

Jns emysnii podotu Cb Ta 3MiHE OCBITICHOCTI aHa-
nitnaHo Oyio nobynosano BAX Cb npu pi3Hux piBHSIX
OCBITJICHOCTI.

BukopucroByroun piBHsiHHS (4) Ta MiICTaBUBIIN
THUTIOBI 3HaueHHs koedimientis: n, VT, Ta mimiOpaBmom
Taki 3HaueHHs BenuuuH: 10 = 1-10° A, RS = 1:107 Om,
RSH = 1,65 Om, IL =0,8...1,5 A, mis moOymoBu O1H3b-
koi mo peampHoi BAX. OrpumaBmu piBHAHHI BAX,
MOXHA 3MIHIOBaTH 3HAa4Y€HHs (HOTO3TCHEPOBAHOTO
ctpymy IL, mo Binnosinae 3mini ocBitiaerocti. Ha Puc. 6
300paxeni kpuBi HaBaHTaxeHHs Cb Ta mnpsmi, mo
JHIHO alPOKCUMYIOTh KPHBI y OKOJI TOYKH MaKCHMa-
nbpHOT notyxHocri (I-111).

OTpuMaBIIN aHATITHYHI PIBHSHHSA NPSIMHX, MOXKHA
3HANUTH HEOOXiJHI 3HAYCHHS JUIS BIATBOPCHHS IHX IPS-
MHX 3a JOMOMOTOI 30BHILIHBOTO JDKEpEa >KUBICHHS
3 pEryIbOBaHOK HAMPYTOI0 Ta pe3ncTopa, 3’€IHAHUX
MOCIIZOBHO Ta MiJKIIOYEHUX JI0 BXOAY CUCTEMH 3aMiCTh
CB. Otxe, npsma | BinmoBigae 3HAYCHHIO HATIPYTH JIXKE-
pena xuBieHHs 14,1 B ta mocnimoBHoro omnopy (RS)
6,76 Owm; npsima 11 BimnosigHO — 13,7 B ta 9 OM; mpsima
III - 12,4 B ta 14,7 Om.
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Puc. 6 HaBanTaxyBaibHi KpUBI Ta 1IIOCTpaLlist poOOTH
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Puc. 7 Yacosi xiarpamMu CHCTEMH B MOMEHT NIEPEXOLY PEXHMIB

PosrisineMo po0oTy cucTeMH 3 BXIZHOIO €HEpri€lo,
JUIS SIKOT [iana3oH 3Ha4YCHb HAIPYTH Ta CTPyMy BHU3Ha4a-
€TbCs 300paXkeHoI0 Ha Puic. 6 BOJIBT-aMIIEpHOIO XapakTe-
puctukoro npsmux [-II1. Cucrema moYnHAIOYU 3 TOYKH
XOJIOCTOTO X0y MpsiMoi I: BiATIOBITHO 10 anropuTMy, Ha-
npyra Ta CTpyM IOCTYIIOBO HAOIMKAIOTHCS JI0 TOYKH Ma-
KCUMAJIBHOI TMOTY>KHOCTI, HAIPSMOK ITO3HAYEHO CTpis-
KOIO |; mepeHIIoBIIN IF0 TOYKY, KOHTPOJIEP ITOCTIHHO
30UTBIIY€E YW 3MCHIINYE 3HAYCHHS KOCQIIIEHTY 3aIoB-
Heraas DC-DC meperBoproBaua (CTpiiika 2), TAKUM YH-
HOM 3HaxXOJSIYKCh y OKOJI IIYKaHOI TOYKH Ta BiIHaJIsIo-
YKCh BiJl HeT Ha OIMH KPOK; MICIIs IEPEXO/1y Y PEXKUM Ha-
BaHTaXXyBaJIbHUX NpsimMoi 11 3a monomororo nepeMuKanHs
HAMpyryd Ta 3MiHU ONOpPY, TOOTO IMITYIHOYM 3MEHIIECHHS
OCBITJICHOCTi, poOoYa TOYKa Pi3KO 3MIITyeThCs (CTpiKa
3), IpH bOMY TOTY>KHICTh 3MEHILY€ETHCS, TOMY KOHTPO-
Jiep 3MIHIOE HaIlPSIM 3MiHN KOoe(ili€HTy 3alOBHEHHS, ITi-
CJIS. YOTO TOBTOPIOETHCS IMOUIYK TOYKH Ta KOJIMBAHHS
Oins 1i oxomy (cTpinmka 4), mei mporec NOBTOPIOETHCS 1
npu niepexoni Ha npsimy 111 (cTpinku 5-7).

Ha Puc. 7 HaBemeHi wacoBi miarpamMu Kepyrodoi
HAIpyry, IO MOJAa€ThCs Ha TPAH3UCTOPH IIiJ| Yac mepe-
X0y TEpeTBOPIOBaYa 3 MOHIKYIOYOTO N0 IMiIBHIIYIO-
4oro pexumy podotu. KoediieHT 3a110BHEHHS IIEPILIOTO
Tpam3uctopa (S1 Ha Puc. 2) mocsrae makcumymy Ha
40 Mmkc (quB. Puc. 7a), mpu 1iboMy B Iie# k€ MOMEHT JIpy-
ruit Tpansucrop (S2 Ha Puc. 2) mounHae BiAKpHBaTHCS,
a xoedimieHT 3armoBHEHHS cTae OinbmiM Hys (Puc. 7b).

BHCHOBKU

Takum urHOM, ¥ po0OTi OyJI0 TOOYAOBAHO CTPYKTY-
pHY cxemy cucteMu 3HaxokenHs TMII ta BignoBinHO
Hel BHOpaHO CXeMy CHJIOBOI YaCTHHH 1 CHCTEMH Kepy-
BaHHs, a TAaKOX HEOOXIIHI JOIIOMIKHI €JIEMEHTH CHC-
temu. Po3pobiieHa Ta moGyjoBaHa qpyKoBaHa IuiaTa mpo-
ITOHOBAHOI CHCTEMH, B sIKili OyJHM pueaHaHI BCi BUOpaHi
€JIEMEHTH CHCTEMH. PO3IJIsIHYTO BIUIMB OCBITJICHOCTI Ha
3MiHy pOOOYNX TMapameTpiB CUCTEMH Ta MPOTECTOBAHO
poboTy cucTeMH Yy 3aJaHOMY Jiana3oHi HANPYTH.

Hapiiimna no penakuii 13 kBiTHst 2020 poky

[MponemMoHcTpOBaHi YacoBi AiarpaMu HEepexoay Kepyro-
40i

Halpyrd CHUCTEMH 3 IOHIKYIOWOTO Yy IIiABUIYIOUHH
pexxum podotu DC-DC neperBoproBaya.

Po3pobniena cucrtema BIIPI3HSAETBCS MPOCTOTOIO,
MOJYJIBHICTIO Ta THYYKICTIO HAJAINTYBAaHHS, a TAKOXK, 32
paxyHok BuOpanoro DC-DC neperBoproBaya, MOXIIHUBI-
CTIO POOOTH y MOHMKYIOUOMY 1 ITiIBUILYIOUOMY PEXKH-
Max Ta MOTCHIIIHUM BHKOPHUCTAHHSM JEKIIBKOX METO-
niB 3HaxomkeHHs TMIL. A oTxe cuctema mMae TiepeBaru
Yy BHKOPHCTaHHI Ta JOCIHIIKCHHI pPIi3HUX BXITHHX Ta
BUXIZHUX MPUCTPOIB, a TAKOXK Moudikalii cuctemu Ke-
pyBaHHS, OIS JOCIHIIKCHHS YM JOMOBHEHHS (YHKIIiO-
HaJly CUCTEMH.

[Micnss BUKOHaHOI POOOTH BIAKPUBAIOTHCSA IMEPCIICK-
TUBH BJIOCKOHAJICHHS, & TAKOX BUIIPOOYBaHHS CUCTEMH,
BuKopucTOBYIoun pi3Hi Cb Ta croxuBadi mpu pi3HHX
norogHux ymoBax. IIpu LbOMY IJIaHYETBCS BHKOpHC-
TaHHs JOJATKOBUX MOMYJIB 3 OE3MPOBITHUMH TEXHOJIO-
TisIMH U1 TUCTAHIINAHOT iHaukarii [10], mo MOXIHBO
BUKOHATH 3aBISKH MOIYJIBHOCTI CHCTEMH Ta (YHKIiO-
Hairy BuOpanoro MK.
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Testing Maximum Power Point Tracking
Controller for PV System
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Abstract—Recently, the demand for renewable energy sources, in particular solar, has been increasing. This is due to
declining demand for other fuels due to the poor reputation, waste of nuclear energy and limited fossil resources such as
coal. The growing popularity of silicon significantly reduces the cost and increases the availability of solar energy. The main
technique of increasing efficiency of the converter is to find maximum power point tracking (MPPT) that addressing prob-
lem of efficiency of power transfer from the solar cell depends on both the amount of sunlight falling on the solar panels and
the electrical characteristics of the load. As the amount of sunlight varies, the load characteristic that gives the highest power
transfer efficiency changes, so that the efficiency of the system is optimized when the load characteristic changes to keep
the power transfer at highest efficiency. This load characteristic is called the maximum power point and MPPT is the process
of finding this point and keeping the load characteristic there. Electrical circuits can be designed to present arbitrary loads
to the photovoltaic cells and then convert the voltage, current, or frequency to suit other devices or systems, and MPPT
solves the problem of choosing the best load to be presented to the cells in order to get the most usable power out.

This article considers the construction of MPPT controller of solar panel, which must operate at up to 60W power of
solar panel and up to 30V of output battery voltage. Given the structure of the system and the necessary operating param-
eters, for its construction it is necessary to take into account various circuit solutions for the power unit, as well as methods
for finding the point of maximum power for the control circuit.

The design and construction of the MPPT controller of the photovoltaic system and testing for different irradiation
values is considered. Various circuit design solutions and algorithms for the operation of the MPPT controller were analyzed
and a two-switch buck-boost circuit and a perturb and observe algorithm were selected. After making the system task is at
general checking of possible operating in a given range of current and voltage, as well as the ability to respond to changes
in current and voltage values and some external conditions that directly affect the work of a solar panel. The algorithm of
work, formulas for emulation and an example of system work were given. The algorithm of work, formulas for emulation
and an example of system work were given. The time diagrams of the control signals of the transistors at the time of switching
from buck mode to boost mode are shown. A step-by-step description of the changes that occur in the system during
the change of parameters and how the feedback stabilizes the operation of the device to maintain the maximum power of
the system.

After the developed experiment, the workability of the layout was checked and various variants of operation of the device
for different lighting conditions were simulated. A conclusion was drawn on the potential for further development of
the proposed solution. The circuit used operates at a given power and the proposed idea has the potential for further devel-
opment and experimenting.

Keywords — maximum power point tracking system; two-switch buck-boost converter; perturb and observe method.
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